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1
PNEUMATIC TIRE

TECHNICAL FIELD

The present invention relates to a pneumatic tire, and more
specifically, to a pneumatic tire having improved uneven wear
resistance.

BACKGROUND OF THE INVENTION

Recent pneumatic tires are provided with a circumferential
reinforcing layer in a belt layer in order to suppress tire radial
growth and reduce uneven wear (in particular, step wear in
shoulder land portions). The technology disclosed in Japa-
nese Unexamined Patent Application Publication No. 2011-
57183 A is a known conventional pneumatic tire that is con-
figured in this manner.

SUMMARY

The present technology provides a pneumatic tire by which
uneven wear resistance performance can be improved. A
pneumatic tire according to the present invention includes a
belt layer that has a circumferential reinforcing layer, and a
plurality of circumferential main grooves and a plurality of
land portions partitioned by the plurality of circumferential
main grooves in a tread portion. In such a pneumatic tire,
when the land portion on a tire equatorial plane or each of left
and right land portions sandwiching the tire equatorial plane
is called a first land portion, and the land portion on an
outermost side in a tire width direction among the land por-
tions above the circumferential reinforcing layer is called a
second land portion, a width W1 of the first land portion and
a width W2 of the second land portion have a relationship
such that 1.05=W1/W2<1.30.

In the pneumatic tire according to the present invention, a
difference in stiffhess between the first land portion and the
second land portion is properly ensured since the first land
portion at the center of the tread portion has a wider structure
than the second land portion at an end portion of the circum-
ferential reinforcing layer. As a result, there is an advantage
that uneven wear in the first land portion is suppressed and the
uneven wear resistance performance of the tire is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a cross-sectional view in a tire meridian direction
illustrating a pneumatic tire according to an embodiment of
the present invention.

FIG. 2 is an explanatory view illustrating a shoulder por-
tion of the pneumatic tire depicted in FIG. 1.

FIG. 3 is an explanatory view illustrating a belt layer of the
pneumatic tire depicted in FIG. 1.

FIG. 4 is an explanatory view illustrating a groove wall
angle of a circumferential main groove.

FIG. 5 is an explanatory view illustrating a groove wall
angle of a circumferential main groove.

FIG. 6 is an explanatory view illustrating a groove wall
angle of a circumferential main groove.

FIG. 7 is a table showing the results of the performance
testing of pneumatic tires according to the embodiments of
the present invention.

DETAILED DESCRIPTION

The present invention is described below in detail with
reference to the accompanying drawing. However, the
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2

present invention is not limited to these embodiments. More-
over, constituents of the embodiment which can possibly or
obviously be substituted while maintaining consistency with
the present invention are included. Furthermore, a plurality of
modified examples that are described in the embodiment can
be freely combined within a scope of obviousness for a person
skilled in the art.

Pneumatic Tire

FIG. 1 s a cross-sectional view in a tire meridian direction
illustrating a pneumatic tire 1 according to an embodiment of
the present invention. As an example of a pneumatic tire 1,
FIG. 1 illustrates a radial tire for heavy loads mounted on a
long-distance transport truck or bus and the like.

The pneumatic tire 1 includes a pair of bead cores 11,11, a
pair of bead fillers 12,12, a carcass layer 13, a belt layer 14,
tread rubber 15, and a pair of side wall rubbers 16,16 (see F1G.
1). The pair of bead cores 11,11 have annular structures and
constitute cores of left and right bead portions. The pair of
bead fillers 12,12 are formed from a lower filler 121 and an
upper filler 122, and are disposed on a periphery of each of the
pair of bead cores 11,11 in a tire radial direction so as to
reinforce the bead portions. The carcass layer 13 has a single-
layer structure, and stretches between the left and right bead
cores 11 and 11 in toroidal form, forming a framework for the
tire. Additionally, both end portions of the carcass layer 13 are
folded toward an outer side in the tire width direction and
fixed so as to wrap around the bead cores 11 and the bead
fillers 12. The belt layer 14 is formed from a plurality of belt
plies 141 to 145 that are laminated, and is disposed on the
periphery of the carcass layer 13 in the tire radial direction.
Thetread rubber 15 is disposed on the periphery of the carcass
layer 13 and the belt layer 14 in the tire radial direction, and
forms a tire tread. The pair of side wall rubbers 16,16 is
disposed on each outer side of the carcass layer 13 in a tire
width direction, so as to form left and right side wall portions
of the tire.

Additionally, the pneumatic tire 1 includes a plurality of
circumferential main grooves 21 to 23 extending in a tire
circumferential direction, a plurality of lug grooves extending
in the tire width direction (not illustrated on the drawings),
and a plurality of land portions 31 to 34 partitioned by the lug
grooves and the circumferential main grooves 21 to 23 in the
tread portion. As a result, a tread pattern based on blocks is
formed (not illustrated on the drawings). However, the con-
figuration is not limited thereto, and the pneumatic tire 1 may
include a rib pattern (not illustrated on the drawings). The
circumferential main grooves 21 to 23 may be straight
grooves or may be zigzag shaped grooves.

In this embodiment, the pneumatic tire 1 has a left-right
symmetric structure centered on a tire equatorial plane CL.

FIG. 2 is an explanatory view illustrating a shoulder por-
tion of the pneumatic tire depicted in FIG. 1. FIG. 3 is an
explanatory view illustrating a belt layer 14 of the pneumatic
tire 1 depicted in FIG. 1. Among these drawings, FIG. 2
illustrates an area on one side of a tread portion demarcated by
the tire equatorial plane CL, and FIG. 3 illustrates a laminated
structure of the belt layer 14.

Also, the carcass layer 13 is constituted by a plurality of
carcass cords formed from steel or organic fibers (e.g. nylon,
polyester, rayon, or the like) covered by a coating rubber and
subjected to a rolling process, and has a carcass angle (incli-
nation angle of the carcass cord in a fiber direction with
respect to the tire circumferential direction), as an absolute
value, of not less than 85° and not more than 95°.

The belt layer 14 is formed by laminating a large angle belt
141, a pair of cross belts 142, 143, a belt cover 144, and a
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circumferential reinforcing layer 145, and is disposed by
being wound and mounted onto the periphery of the carcass
layer 13 (see FIG. 2).

The large angle belt 141 is configured by a plurality of belt
cords formed from steel or organic fibers, covered by coating
rubber, and subjected to a rolling process, having a belt angle
(angle of'inclination of belt cord fiber direction with respect to
the tire circumferential direction), as an absolute value, of no
less than 40° and no more than 60°. Moreover, the large angle
belt 141 is disposed so as to be laminated outward in the tire
radial direction of the carcass layer 13.

The pair of cross belts 142, 143 are configured by a plural-
ity of belt cords formed from steel or organic fibers, covered
by coating rubber, and subjected to a rolling process, having
a belt angle, as an absolute value, of no less than 10° and no
more than 30°. Additionally, the pair of cross belts 142, 143
have belt angles that are of mutually opposite sign to each
other, and are laminated so that the fiber directions of the belt
cords intersect each other (a crossply structure). In the fol-
lowing description, the cross belt 142 positioned on the inner
side in the tire radial direction is referred to as “inner-side
cross belt”, and the cross belt 143 positioned on the outer side
in the tire radial direction is referred to as “outer-side cross
belt”. Three or more cross belts may be disposed so as to be
laminated (not illustrated on the drawings). Moreover, the
pair of cross belts 142, 143 are disposed so as to be laminated
outward in the tire radial direction of the large angle belt 141.

The belt cover 144 is configured by a plurality of belt cords
formed from steel or organic fibers, covered by coating rub-
ber, and subjected to a rolling process, having a belt angle, as
an absolute value, of no less than 10° and no more than 45°.
Moreover, the belt cover 144 is disposed so as to be laminated
outward in the tire radial direction of the cross belts 142, 143.
Inthis embodiment, the belt cover 144 has the same belt angle
as the outer-side cross belt 143, and is disposed in the outer-
most layer of the belt layer 14.

The circumferential reinforcing layer 145 is constituted by
belt cords formed from a rubber coated steel wire wound
spirally at a slant within a range of £5° with respect to the tire
circumferential direction. Additionally, the circumferential
reinforcing layer 145 is disposed so as to be interposed
between the pair of cross belts 142, 143. Additionally, the
circumferential reinforcing layer 145 is disposed inward in
the tire width direction of left and right edges of the pair of
cross belts 142, 143. Specifically, the circumferential rein-
forcing layer 145 is formed by winding one or a plurality of
wires in a spiral manner around the periphery of the inner-side
cross belt 142. This circumferential reinforcing layer 145
reinforces the stiffness in the tire circumferential direction.
As a result, the tire durability performance is improved.

In the pneumatic tire 1, the belt layer 14 may have an edge
cover (not illustrated on the drawings). Generally, the edge
cover is configured by a plurality of belt cords formed from
steel or organic fibers covered by coating rubber and sub-
jected to a rolling process, having a belt angle, as an absolute
value, of no less than 0° and no more than 5°. Additionally,
edge covers are disposed outward in the tire radial direction of
the left and right edges of the outer-side cross belt 143 (or the
inner-side cross belt 142). The edge covers improve the
uneven wear resistance performance of the tire by reducing
the difference in radial growth between the center area and the
shoulder area of the tread portion, by exhibiting a band effect.
Circumferential Reinforcing Layer

Moreover, in the pneumatic tire 1, the belt cords from
which the circumferential reinforcing layer 145 is configured
are steel wire, and preferably, the number of ends of the
circumferential reinforcing layer 145 preferably is no less
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than 17 ends/50 mm and no more than 30 ends/50 mm.
Moreover, the diameter of the belt cord is preferably within a
range of no less than 1.2 mm and no more than 2.2 mm. In a
configuration in which the belt cords are formed from a plu-
rality of cords twisted together, the belt code diameter is
measured as the diameter of a circle that circumscribes the
belt cord.

In the pneumatic tire 1, the circumferential reinforcing
layer 145 is configured by winding a single steel wire in a
spiral manner. However, the configuration is not limited
thereto, and the circumferential reinforcing layer 145 may
also be configured by a plurality of wires wound spirally
around side-by-side to each other (multiple winding struc-
ture). In this case, preferably, the number of wires is 5 or less.
Additionally, the width of winding per unit when five wires
are wound in multiple layers is preferably no more than 12
mm. As a result, a plurality (no less than 2 and no more than
5) of wires can be wound properly at a slant within a range of
+5° with respect to the tire circumferential direction.

Also, in the pneumatic tire 1, (a) the elongation of the belt
cords from which the circumferential reinforcing layer 145 is
configured when they are components (when they are mate-
rial prior to forming the green tire) when subjected to a tensile
load of 100 N to 300 N is preferably no less than 1.0% and no
more than 2.5%. Moreover, (b) the elongation of the belt
cords of the circumferential reinforcing layer 145 when in the
tire (the state when taken from the tire product) when sub-
jectedto atensile load of S00 N to 1000 N is preferably no less
than 0.5% and no more than 2.0%. The belt cords (high
elongation steel wire) have a good elongation ratio when a
low load is applied compared with normal steel wire, so they
have the property that they can withstand the loads that are
applied. Therefore, in the case of (a) above, it is possible to
improve the durability of the circumferential reinforcing
layer 145 during manufacture, and in the case of (b) above, it
is possible to improve the durability of the circumferential
reinforcing layer 145 when the tire is used, and these points
are desirable. The elongation of the belt cords is measured in
conformance with JIS G3510.

Also, a width Ws of the circumferential reinforcing layer
145 is preferably within a range such that 0.60=Ws/W. The
width Ws of the circumferential reinforcing layer 145 when
the circumferential reinforcing layer 145 has a divided struc-
ture (not illustrated on the drawings) is the sum of the widths
of'each divided portion.

Also, in the configuration illustrated in FIG. 3, the circum-
ferential reinforcing layer 145 is disposed on the inner side in
the tire width direction of the left and right edge portions of
the narrower cross belt 143 ofthe pair of cross belts 142, 143.
Additionally, the width W of the narrower cross belt 143 and
the distance S from the edge portion of the circumferential
reinforcing layer 145 to the edge portion of the narrower cross
belt 143 are preferably in the range such that 0.03<S/W. This
point is the same even if the circumferential reinforcing layer
145 has a configuration with a divided structure (not illus-
trated on the drawings). The width W and the distance S are
measured as distances in the tire width direction when viewed
as a cross-section from the tire meridian direction. Moreover,
the upper limit of S/W, although not limited in particular, is
restricted by the relationship between the width Ws of the
circumferential reinforcing layer 145 and the width W of the
narrower cross belt 143.

The width Ws of the circumferential reinforcing layer 145
relative to the tire developed width TDW (not illustrated on
the drawings) is preferably within a range such that 0.65=Ws/
TDW=0.80. The tire developed width TDW refers to a linear
distance in a development view between the two ends of



US 9,045,004 B2

5

tread-patterned portion of the tire assembled on a regular rim
and filled with regular internal pressure and no load is
applied.

In the configuration illustrated in FIG. 2, the circumferen-
tial reinforcing layer 145 is interposed between the pair of
cross belts 142, 143 (see FIG. 2). However, the configuration
is not limited thereto, and the circumferential reinforcing
layer 145 may be disposed on an inner side of the pair of cross
belts 142, 143. For example, the circumferential reinforcing
layer 145 may be (1) disposed between the large angle belt
141 and the inner-side cross belt 142, or (2) disposed between
the carcass layer 13 and the large angle belt 141 (not illus-
trated on the drawings).

[Relationship Between Circumferential Reinforcing Layer
and Land Portion Width]

In a configuration in which a circumferential reinforcing
layer is provided in the belt layer, as a result of the band effect
of the circumferential reinforcing layer, the ground contact
length becomes shorter and the ground contact pressure
becomes higher. The ground contact pressure increases fur-
ther in the region where the circumferential reinforcing layer
is disposed while the tire is rolling. In this case, there is a
problem in that uneven wear occurs between land portions in
the region where the circumferential reinforcing layer is dis-
posed.

Therefore, in the pneumatic tire 1, the following configu-
ration is adopted in order to suppress such uneven wear (see
FIGS. 1 and 2).

First, a land portion 31 on the tire equatorial plane CL is
called a first land portion. A land portion 33 on the outermost
side in the tire width direction among the land portions 31 to
33 above the circumferential reinforcing layer 145 is called a
second land portion. A land portion 34 on the outer side in the
tire width direction of the second land portion 33 is called a
third land portion.

In this case, a width W1 of the first land portion 31 and a
width W2 of the second land portion 33 have a relationship
such that 1.05=sW1/W2x<1.30. That is, the first land portion 31
at the center of the tread portion has a structure that is wider
than the second land portion 33 at the end portion of the
circumferential reinforcing layer 145. The widths W1, W2
preferably have a relationship such that 1.10=sW1/W2<1.20.

The width W2 of the second land portion 33 and a width
W3 of'the third land portion 34 have a relationship such that
1.15=W3/W2<1.50. That is, the third land portion on the
outer side in the tire width direction of the circumferential
reinforcing layer 145 has a structure that is wider than the
second land portion 33 at the end portion of the circumferen-
tial reinforcing layer 145.

In the above configuration, it is assumed that the pneumatic
tire 1 has two or more circumferential main grooves in each of
the left and right regions demarcated by the tire equatorial
plane CL and has the land portion 34 on the outer side in the
tire width direction of the second land portion 33.

If the circumferential main groove 21 is on the tire equa-
torial plane CL, the left and right land portions 31, 31 (sand-
wiching the tire equatorial plane CL) partitioned by the cir-
cumferential main groove 21 represent the first land portion
(not illustrated on the drawings). Both left and right first land
portions 31, 31 satisfy the requirements as the above-men-
tioned first land portion 31.

Regarding the determination of the second land portion, if
the width W2 of the land portion 33 and a lap width W4, in
which the circumferential reinforcing layer 145 overlaps the
road contact surface of the land portion 33 have a relationship
such that 0.50=W4/W2 when viewed as a cross-section from
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6

the tire meridian direction, the land portion 33 is considered
to be above the circumferential reinforcing layer (see FIG. 3).

The respective widths W1 to W3 of the land portions 31 to
34 are considered linear distances between the left and right
edge portions of each of the land portions 31 to 34 as mea-
sured when the tire is assembled on a standard rim and
inflated to a regular internal pressure, and inflated to a regular
air pressure.

Herein, “standard rim” refers to an “applicable rim”
defined by the Japan Automobile Tyre Manufacturers Asso-
ciation (JATMA), a “design rim” defined by the Tire and Rim
Association (TRA), or a “measuring rim” defined by the
European Tyre and Rim Technical Organisation (ETRTO).
“Regular internal pressure” refers to “maximum air pressure”
stipulated by JATMA, a maximum value in “tire load limits at
various cold inflation pressures” defined by TRA, and “infla-
tion pressures” stipulated by ETRTO. Note that “regular
load” refers to “maximum load capacity” stipulated by
JATMA, a maximum value in “tire load limits at various cold
inflation pressures” defined by TRA, and “load capacity”
stipulated by ETRTO. However, with JATMA, in the case of
passenger car tires, the regular internal pressure is an air
pressure of 180 kPa, and the regular load is 88% of the
maximum load capacity.

Moreover, if the edge portion of the land portion 33 has
convex and concave shape such as a configuration in which
the circumferential main grooves 21 to 23 have a zigzag
shape, and a configuration in which the edge portions of the
land portions 31 to 34 have notched sections, the respective
widths W1 to W3 of the land portions 31 to 34 are measured
on the basis of a center point when the edge portions of the
land portions 31 to 34 are projected in the tire circumferential
direction (not illustrated on the drawings).

Relationship Between Circumferential Reinforcing Layer
and Groove Wall Angles

In the pneumatic tire 1, a groove wall angle 61 of the edge
portion on the outer side of the first land portion 31 in the tire
width direction and a groove wall angle 62 ofthe edge portion
onthe inner side ofthe second land portion 33 in the tire width
direction have a relationship such that 61>62 (see FIG. 2).
That is, the groove wall angle 81 of the first land portion 31 at
the center of the tread portion is greater than the groove wall
angle 02 ofthe second land portion 33 at the end portion of the
circumferential reinforcing layer 145.

Note that the groove wall angles 01, 62 are respectively set
to be within a range such that 0°=01=<45° and 0°=02<45°.

The groove wall angle 61 of the first land portion 31 and the
groove wall angle 82 of the second land portion 33 have a
relationship such that 1°=01-62<20°. The groove wall angles
01, 02 preferably have a relationship such that 5°=01-
62<10°.

The groove wall angles 01, 02 are measured as angles
formed from the groove wall surface and a line that passes
through the edge portion of the land portion and is perpen-
dicular to the road contact surface of the land portion when
viewed as a cross-section from the tire meridian direction (see
FIG. 2).

The groove wall angles 61, 62 and the below-mentioned
widths W1 to W3 are measured in a state where the tire is
assembled on a standard rim and inflated to a regular internal
pressure under no load. In this case, the following measure-
ment method is, for example, used. First, a tire unit is applied
to the imaginary line of a tire profile measured by a laser
profiler and fixed with tape or the like. Then, the gauge that is
to be measured is measured with a caliper or the like. The
laser profiler used here is a tire profile measuring device
(manufactured by Matsuo Co., Ltd.).
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As illustrated in FIG. 4, when a chamfered portion is pro-
vided on the edge portion of the land portion, an intersection
is taken of the imaginary line extended from the road contact
surface of the land portion and the imaginary line extended
from the groove wall surface so that the groove wall angle
becomes an angle formed between the groove wall surface
and a line passing through the intersection and perpendicular
to the road contact surface of the rib.

Moreover, in a configuration having a multi-step structure
in which the angle of inclination ofthe groove wall changes in
the groove depth direction as illustrated in FIG. 5, the groove
wall angle of the groove wall portion closest to the groove
opening is used.

Moreover, in a configuration in which the groove wall
surface is composed of a plurality of continuous arcs when
viewed as a cross-section from the tire meridian direction as
illustrated in FIG. 6, an intersection is taken of a tangent from
the inflection point of the groove wall section closest to the
groove opening and of the imaginary line extending from the
road contact surface of the land portion. The groove wall
angle then becomes an angle formed between the tangent
from the inflection point and a line passing through the inter-
section and perpendicular to the road contact surface of the
rib.

Moreover, if the edge portion of the land portion 33 has
convex and concave shapes such as a configuration in which
the circumferential main grooves 21 to 23 have a zigzag
shape, and a configuration in which the edge portions of the
land portions 31 to 34 have notched sections, the groove wall
angles 01, 02 are measured at positions in which the respec-
tive widths W1 to W3 of the land portions 31 to 34 are the
greatest (not illustrated on the drawings).

EFFECT

As described above, the pneumatic tire 1 includes the belt
layer 14 having the circumferential reinforcing layer 145 (see
FIGS. 1 and 2). Additionally, the pneumatic tire 1 includes a
plurality of circumferential main grooves 21 to 23, and a
plurality of land portions 31 to 34 partitioned by the circum-
ferential main grooves 21 to 23 in the tread portion. The width
W1 of' the land portion 31 (or the left and right land portions
31 sandwiching the tire equatorial plane CL.) on the tire equa-
torial plane CL, and the width W2 of the second land portion
at the end portion of the circumferential reinforcing layer
have a relationship such that 1.05=W1/W2<1.30.

With such a configuration, the first land portion 31 at the
center of the tread portion has a wider structure than the
second land portion 33 at the end portion of the circumferen-
tial reinforcing layer 145. Therefore, the difference in stiff-
ness between the first land portion 31 and the second land
portion 33 is properly ensured. As a result, this has the advan-
tage that uneven wear in the first land portion 31 is suppressed
and the uneven wear resistance performance of the tire is
improved.

In the pneumatic tire 1, a groove wall angle 61 of the edge
portion on the outer side of the first land portion 31 in the tire
width direction and a groove wall angle 62 of the edge portion
onthe inner side ofthe second land portion 33 in the tire width
direction have a relationship such as 861>02 (see F1G. 2). With
such a configuration, the groove wall angle 61 of the first land
portion 31 at the center of the tread portion is greater than the
groove wall angle 62 of the second land portion 33 at the end
portion of the circumferential reinforcing layer 145. There-
fore, the difference in stiffness between the first land portion
31 and the second land portion 33 is properly ensured. As a
result, this has the advantage that uneven wear in the first land
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portion 31 is suppressed and the uneven wear resistance per-
formance of the tire is improved.

Inthe pneumatic tire 1, the groove wall angle 61 of the first
land portion 31 and the groove wall angle 62 of the second
land portion 33 have a relationship such that 1°<61-62<20°
(see FIG. 2). As a result, this has the advantage that the
difference in stiffness between the first land portion 31 and
the second land portion 33 is made appropriate and uneven
wear in the first land portion 31 is suppressed.

In the pneumatic tire 1, the width W2 of the second land
portion 33 and the width W3 of the third land portion 34 have
arelationship such that 1.15sW3/W2=<1.50 (see FIG. 2). With
such a configuration, the third land portion on the outer side of
the circumferential reinforcing layer 145 in the tire width
direction has a structure that is wider than the second land
portion 33 at the end portion of the circumferential reinforc-
ing layer 145. Therefore, the difference in stiffness between
the second land portion 33 and the third land portion 34 due to
the disposition of the circumferential reinforcing layer 145 is
mitigated. As a result, this has the advantage that the uneven
wear resistance performance of the tire is improved. In the
pneumatic tire 1, the belt layer 14 is provided with the large
angle belt 141, the pair of cross belts 142, 143 disposed on the
outer side of the large angle belt 141 in the tire radial direc-
tion, the belt cover 144 disposed on the outer side of the pair
of cross belts 142, 143 in the tire radial direction, and the
circumferential reinforcing layer 145 disposed between the
pair of cross belts 142, 143, on the inner side of the pair of
cross belts 142, 143 in the tire radial direction, or on the inner
side of the large angle belt 141 in the tire radial direction (see
FIGS. 2 and 3). By applying this pneumatic tire 1 having such
a configuration, there is the advantage in that a noticeable
improvement in tire uneven wear resistance performance is
achieved.

Moreover, in the pneumatic tire 1, the belt cords from
which the circumferential reinforcing layer 145 is configured
are steel wire, and the number of ends of the circumferential
reinforcing layer 145 is no less than 17 ends/50 mm and no
more than 30 ends/50 mm.

Also, in the pneumatic tire 1, the elongation of the belt
cords from which the circumferential reinforcing layer 145 is
configured when they are components when subjected to a
tensile load of 100 N to 300 N is no less than 1.0% and no
more than 2.5%.

In the pneumatic tire 1, the elongation of the belt cords
from which the circumferential reinforcing layer 145 is con-
figured when they are in the tire when subjected to a tensile
load of 500 N to 1000 N is no less than 0.5% and no more than
2.0%.

In the pneumatic tire 1, the circumferential reinforcing
layer 145 is disposed inward in the tire width direction of the
left and right edge portions of the narrower cross belt 143 of
the pair of cross belts 142, 143 (see FIG. 3). Additionally, the
width W of the narrower cross belt 143 and the distance S
from an edge portion of the circumferential reinforcing layer
145 to an edge portion of the narrower cross belt 143 are in the
range 0 0.03<S/W. In such a configuration, there is an advan-
tage in that the positional relationship S/W between the edge
portions of the cross belts 142, 143 and the edge portions of
the circumferential reinforcing layer 145 is made appropriate
to reduce the strain that is produced in the rubber material
around the circumferential reinforcing layer 145.

In the pneumatic tire 1, the width W of the narrower cross
belt 143 and the width Ws of the circumferential reinforcing
layer 145 are within the range such that 0.60=Ws/W.

Inthe pneumatic tire 1, the width W's of the circumferential
reinforcing layer 145 relative to the tire developed width



US 9,045,004 B2

9

TDW (not illustrated on the drawings) is within the range
such that 0.65=Ws/TDW=0.80. In such a configuration, the
width Ws and the tire developed width TDW are in the range
such that Ws/TDW=0.80, so the width Ws of the circumfer-
ential reinforcing layer 145 is made appropriate. This has the
advantage that fatigue failure of the belt cords is suppressed at
the end portion of the circumferential reinforcing layer 145.
Also, the width Ws and the tire developed width TDW are in
the range such that 0.65<Ws/TDW, this has the advantage that
the ground contact shape of the tire is made appropriate, and
the tire uneven wear resistance performance is improved.
Target of Application

It is preferable that the pneumatic tire 1 be applied for a
heavy-duty tire. A heavy duty tire has a higher load under use
than a passenger tire. Thus, uneven wear in the shoulder land
portion occurs easily since a radial difference becomes large
between the region where the circumferential reinforcing
layer is disposed and the region on the outer side of the
circumferential reinforcing layer in the tire width direction.
Thus, a noticeable suppression effect in uneven wear resis-
tance is achieved by applying the present invention to such a
heavy duty tire.

The pneumatic tire 1 is preferably applied to a tire with an
aspect ratio of no less than 40% or no more than 70% when
assembled on a regular rim, inflated to the regular internal
pressure and put under the regular load. Furthermore, the
pneumatic tire 1 is preferably used as a heavy duty pneumatic
tire for buses and trucks as in this embodiment. With a tire
having such an aspect ratio (in particular, heavy duty pneu-
matic tires for buses and trucks), uneven wear in the shoulder
land portion occurs easily since the ground contact shape
easily becomes an hourglass shape. Thus, a noticeable sup-
pression effect in uneven wear resistance is achieved by
applying the present invention to a tire with such an aspect
ratio.

The pneumatic tire 1 is preferably applied to a tire having
a tire ground contact edge at the edge portions on the outer
side of the shoulder land portion 34 in the tire width direction
as illustrated in FIG. 2. With such a configuration, uneven
wear occurs easily at the edge portions of the shoulder land
portion 34. Thus, a noticeable suppression effect in uneven
wear resistance is achieved by applying the present invention
to a tire with such a configuration. The tire ground contact
edge is measured when the tire is assembled on a standard rim
and inflated to a regular internal pressure, and inflated to the
regular internal air pressure.

EXAMPLES

FIG. 7 is a table showing the results of performance testing
of pneumatic tires according to the embodiments of the
present invention.

In the performance tests, evaluations of (1) uneven wear
resistance performance above the circumferential reinforcing
layer and (2) uneven wear resistance performance over the
entire region of the tread portion were conducted for the
plurality of different pneumatic tires (see FIG. 7). Pneumatic
tires with a tire size of 445/50R22.5 were assembled on a rim
with a rim size of 22.5x14.00 and the pneumatic tires were
provided with an air pressure of 900 kPa and a load of 4625
kg/tire. The pneumatic tires were mounted on a 6x4 tractor
and trailer used as a test vehicle.

(1) In the evaluations concerning uneven wear resistance
performance above the circumferential reinforcing layer, the
test vehicle traveled 50,000 km on regular paved roads, and
then the difference between the amount of wear in the first
land portion and the amount of wear in the second land
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portion was measured. Evaluations were performed by index-
ing the measurement results with Conventional Example 2 as
the standard score (100). In the evaluations, the higher the
numerical value the better, and a numerical value of 103 or
greater demonstrates superiority.

(2) In the evaluations concerning uneven wear resistance
performance over the entire tread portion, the test vehicle
traveled 100,000 km on regular paved roads, and then the
difference between the amount of wear of the left and right
edge portions of the shoulder land portion was measured.
Evaluations were performed by indexing the measurement
results with Conventional Example 2 as the standard score
(100). In this evaluation, higher scores were preferable.

The pneumatic tires 1 of Working Examples 1 to 16 had the
structure depicted in FIG. 1, including six circumferential
main grooves 21 to 23 and seven rows of land portions 31 to
34 disposed with left-right symmetry centered on the tire
equatorial plane CL. The depth of the circumferential main
grooves 21 to 23 was set to be 11.8 mm. The width W2 of the
second land portion 33 was set to be 36 mm. The pneumatic
tire of the Conventional Example 1 does not have the circum-
ferential reinforcing layer in the configuration illustrated in
FIG. 1. As a result, the second land portion and the third land
portion are assumed to be in the same position as the Working
Example 1. In the pneumatic tire of the Conventional
Example 2, the width W1 of the first land portion 31, the width
W2 of the second land portion 33, and the width W3 of the
third land portion 34 were set to be W1=W2=W3 in the
configuration illustrated in FIG. 1.

As shown in the test results, the pneumatic tires 1 of the
Working Examples 1 to 16 demonstrate improved tire uneven
wear resistance performance.

What is claimed is:

1. A pneumatic tire comprising a belt layer that has a
circumferential reinforcing layer, and a plurality of circum-
ferential main grooves and a plurality of land portions parti-
tioned by the circumferential main groove in a tread portion;
wherein,

a land portion on a tire equatorial plane or each of left and
right land portions sandwiching the tire equatorial plane
is a first land portion, and a land portion on an outermost
side in a tire width direction among the plurality of land
portions above the circumferential reinforcing layer is a
second land portion,

a width W1 of the first land portion and a width W2 of the
second land portion have a relationship such that
1.05=W1/W2<1.30; and

a groove wall angle 01 of an edge portion on an outer side of
the first land portion in the tire width direction and a groove
wall angle 62 of an edge portion on an inner side of the second
land portion in the tire width direction have a relationship
such that 1°<01-062<20°.

2. The pneumatic tire according to claim 1, wherein, a land
portion on the outer side in the tire width direction of the
second land portion is a third land portion, and

the width W2 of'the second land portion and a width W3 of
the third land portion have a relationship such that
1.15=sW3/W2<1.50.

3. The pneumatic tire according to claim 1, wherein the belt
layer includes a large angle belt, a pair of cross belts disposed
on the outer side of the large angle belt in a tire radial direc-
tion, a belt cover disposed on the outer side of the pair of cross
belts in the tire radial direction, and the circumferential rein-
forcing layer disposed between the pair of cross belts, on the
inner side of the pair of cross belts in the tire radial direction
or on the inner side of the large angle belt in the tire radial
direction.
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4. The pneumatic tire according to claim 1, wherein the belt
cords that configure the circumferential reinforcing layer are
steel wire, and a number of ends of the circumferential rein-
forcing layer is no less than 17 ends/50 mm and no more than
30 ends/50 mm.

5. The pneumatic tire according to claim 1, wherein elon-
gation of the belt cords that configures the circumferential
reinforcing layer when they are components when subjected
to a tensile load of 100 N to 300 N is no less than 1.0% and no
more than 2.5%.

6. The pneumatic tire according to claim 1, wherein elon-
gation of the belt cords that configure the circumferential
reinforcing layer when in the tire when subjected to a tensile
load of 500 N to 1000 N is no less than 0.5% and no more than
2.0%.

7. The pneumatic tire according to claim 1, wherein the
circumferential reinforcing layer is disposed on the inner side
in the tire width direction of left and right edge portions of a
narrower cross belt of the pair of cross belts, and

a width W of the narrower cross belt and a distance S from

an edge portion of the circumferential reinforcing layer
to an edge portion of the narrower cross belt are within a
range such that 0.03<S/W.

8. The pneumatic tire according to claim 1, wherein the
circumferential reinforcing layer is disposed on the inner side
in the tire width direction of left and right edge portions of the
narrower cross belt of the pair of cross belts, and

the width W of the narrower cross belt and a width Ws of

the circumferential reinforcing layer are within a range
such that 0.60=Ws/W.

9. The pneumatic tire according to claim 1, wherein the
width Ws of the circumferential reinforcing layer relative to a
tire developed width TDW is within a range such that
0.65=Ws/TDW=0.80.

10. The pneumatic tire according to claim 1, wherein the
pneumatic tire has an aspect ratio of 70% or less.

11. The pneumatic tire according to claim 2, wherein the
belt layer includes a large angle belt, a pair of cross belts
disposed on the outer side of the large angle belt in a tire radial
direction, a belt cover disposed on the outer side of the pair of
cross belts in the tire radial direction, and the circumferential
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reinforcing layer disposed between the pair of cross belts, on
the inner side of the pair of cross belts in the tire radial
direction or on the inner side of the large angle belt in the tire
radial direction.

12. The pneumatic tire according to claim 11 wherein the
belt cords that configure the circumferential reinforcing layer
are steel wire, and a number of ends of the circumferential
reinforcing layer is no less than 17 ends/50 mm and no more
than 30 ends/50 mm.

13. The pneumatic tire according to claim 12, wherein
elongation of the belt cords that configures the circumferen-
tial reinforcing layer when they are components when sub-
jected to a tensile load of 100 N to 300 N is no less than 1.0%
and no more than 2.5%.

14. The pneumatic tire according to claim 13, wherein
elongation of the belt cords that configure the circumferential
reinforcing layer when in the tire when subjected to a tensile
load of 500 N to 1000 N is no less than 0.5% and no more than
2.0%.

15. The pneumatic tire according to claim 14, wherein the
circumferential reinforcing layer is disposed on the inner side
in the tire width direction of left and right edge portions of a
narrower cross belt of the pair of cross belts, and

a width W of the narrower cross belt and a distance S from

an edge portion of the circumferential reinforcing layer
to an edge portion of the narrower cross belt are within a
range such that 0.03<S/W.

16. The pneumatic tire according to claim 15, wherein the
circumferential reinforcing layer is disposed on the inner side
in the tire width direction of left and right edge portions of the
narrower cross belt of the pair of cross belts, and

the width W of the narrower cross belt and a width Ws of

the circumferential reinforcing layer are within a range
such that 0.60=Ws/W.

17. The pneumatic tire according to claim 16, wherein the
width Ws of the circumferential reinforcing layer relative to a
tire developed width TDW is within a range such that
0.65=Ws/TDW=0.80.

18. The pneumatic tire according to claim 17, wherein the
pneumatic tire has an aspect ratio of 70% or less.
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